Abstract-Simulation and realization of an active metamateial cell are presented. This metamaterial cell has a power loss due to resistance in the coils. This paper presents a new nanometer negative resistance MOSFET (NR-MOSFET), which is used as a controllable negative resistance to compensate for the nanometer metamaterial losses. The negative resistance was about −320 Ω. A form of a lumped circuit model with active and passive resonance is presented. A negative real part of the refractive index exists in a band width from 1.11 GHz to 1.22 GHz. This model can be used as a core cell for mobile communication smart antenna.
INTRODUCTION
Metamaterial is known as an isotropic material with simultaneously negative permeability µ(ω) and permittivity ε(ω), which may yield negative refraction. It is also known as left-hand material, due to the fact that the electric field, magnetic field, and the wave vector constitute a left-handed set of vectors [1] [2] [3] [4] [5] . Metamaterial does not exist naturally; however, it is possible to make an artificial left-handed material with negative µ(ω) and ε(ω) in the same frequency range [6] [7] [8] . The sign of the refractive index depends on the location of zeros and poles of the µ(ω)−ε(ω) in the complex frequency plane. This indicates that it is possible to obtain negative refractive index without any magnetic resonance, µ = 1, but instead two electric resonances [9, 10] . Artificial metamaterials often suffer from a limited performance due to large losses. There are many solutions to improve the performance, such as, to combine metamaterials with active gain, or create active metamaterials [11, 12] . Negative Resistance MOSFET (NR-MOSFET) was introduced for overcoming inherent losses in metamaterial.
The refractive index n is known as [13] :
The sign of n must be identified to ensure the causality which means that the front of an electromagnetic wave can not travel faster than the vacuum velocity of light. When a plane wave is normally incident from vacuum to a semi-infinite medium the transmission S is given by the Fresenel equation [14] :
where d is the distance between the excitation point and the observation point, c is the light velocity. If the excitation origin is U (t) cos(ω 1 t), where U (t) is the unit step function and ω 1 is the excitation frequency, the electric field in the metamaterial can be expressed as [15] :
where ω 1 is the excitation frequency to be ω 1 = 1.4 ω 0 , where ω 0 is the resonance frequency. If the frequency of the incident light lies within a spectral band slightly above the resonance frequency, the effective magnetic permeability will be negative. On the other hand, these cells act as electric dipoles whose electric response can lead to a negative permittivity. Passive metamaterials often suffer from limited performance due to large losses. It has therefore been suggested to combine them with active gain media, or even create active metamaterials as a method for overcoming inherent losses in metamaterials [15] . Section 2 illustrates a model of active metamateial. NR-MOSFET and modeling is presented in Section 3, and simulation results are presented in Section 4. Conclusion of this work is given in Section 5.
A MODEL ACTIVE METAMATERIAL
A model of active metamaterial consists of passive and active resonance was designed. A negative index medium based on a periodically L-C loaded transmission line was presented, Where the model was described electromagnetically by an effective permittivity εε 0 [F/m] and an effective permeability µµ 0 [H/m], where ε 0 and µ 0 are the vacuum permittivity and permeability. The periodicity remains less than (λ 0 /30), where λ 0 is the vacuum wave length. The transmission line shown in Figure 1 . and straight forward analysis will give:
where z is the series impedance per unit length and y is the shunt admittance per unit length, combining Equations (4) and (5), yields
where β is the propagation constant. Mapping the voltage V to E y and the current I to −H x , equations can be written as field equations:
which yields the effective material parameters. The propagation constant satisfies:
It can easily be seen that interchanging the inductance and capacitance of a conventional transmission line leads to negative µ and ε; thus it becomes left-handed. We will have the impedance where the permeability is a sum of one passive and one active resonance beside the admittance where the permittivity, also, becomes a sum of one passive and one active resonance. A model circuit is given in Figures 2(a) and 2(b), where k is the propagation constant of the interconnecting transmission line and d is the unit-cell dimension [10, 11] . The total admittance is given by
Combining Equations (9) and (10) . We have
The total impedance is given by
and
where l is the length of the transmission line, C s is the series capacitance and L s is the series inductance, R s is the series resistance and C p , L p and R p are the parameters of passive resonator. R N is the negative resistance device which provide gain.
NR-MOSFET THEORY AND MODELING
The idea and construction of the proposed voltage controlled NR-MOSFET is shown in Figure 4 . It was realized using the poly silicon gate N-channel MOSFET technology. It consists of a MOSFET T NR with channel length L N , width Z N and oxide thickeners h ON , the channel width contraction is achieved using two additional P + lateral diffusions whose potential is maintained negative with respect to the channel well potential and its amplitude kept varying proportionally with the drain voltage V DS . To carry out this requirements a MOSFET operational amplifier are designed so as to perform the desired amount of channel contraction. This operational amplifier is biased between +V R and −V R with V R being the control voltage [17, 18] . A MOSFET operational amplifier was designed so as to reverse the polarity and has the desired amplitude needed to elaborate the wanted contraction and it was biased between the control voltages +V g , −V g . Since the channel well potential was always negative this design guarantees a strong depletion of the N + version layer of the channel well. This leads to a depletion layer width W which increases steeply as V DS increases, thus controlled decrease of the channel width and consequently channel current I DS decreases as V DS increases; we notice that the decrease of I DS becomes more noticeable in the saturation region where I DS should remain constant and cause more observable negative resistance behavior [13] [14] [15] .
The variation of the channel width W and its dependence on the drain and gate voltages in saturation region will be approved. Referring to Figure 6 . which shows the energy band diagram of the proposed negative resistance NR-MOSFET [19] .
The variation of the potential V Z with distance is given by:
where V C is the control voltage and is given by:
where The amount of channel contraction may be calculated by equating the channel voltage to the surface potential, one can find: The effective channel width may be expressed in terms of position X in the channel from the source and the biasing voltages V DS and V GS as follows:
The modified drain current equation in the saturation region is therefore:
where
The Resistance equivalent
This indicates that the NR-MOSFET acquire a negative resistance in saturation region of operation. Controlling the geometrical ratio of the NR MOSFET controls this resistance. To realize a nanogeometric NR-MOSFET, advanced fabrication process based on ion implantation will be used [18, 19] . We can see that as the negative resistance may be controlled by the frequency and the contraction of the channel width until we reach to the low loss of the metamaterials cell. 
SIMULATION RESULTS
Numerical simulation of the electric field for a proposed model with electric field versus distance and time for a causal excitation [u(t) − u(t − 20 ns)] cos(2πf 1 t), where f 1 = 1.219 GHz, thickness = 150 times the length, length = 0.83 cm, at t = 3.1 ns. Figure 7 shows the proposed transmission line with on chip spiral coil and MOS varactors and the NR-MOSFET. Figure 8 shows the dependence of the I DS − V DS characteristics on the value of the parameter η and geometries. We observe that I DS is still increasing proportionally in the ohmic region with V DS but at smaller rate. Then I DS begins to decrease as increasing V DS in the saturation region. The rate of decreases becomes more important at greater values of η. This behavior is attributed to the increase of the depletion region width with V DS . It becomes more noticeable of at greater values of V GS . Figure 9 shows Refractive index versus frequency for the proposed Transmission-line. Electric field against distance and time is shown in Figure 10 Refractive index versus frequency for the proposed Transmission-line. 
CONCLUSION
This paper gives a simple analytical model for frequency dependent, voltage controlled, low loss metamaterial cell. The cell is composed of LC transmission line and a nanometer negative resistance NR-MOSFET. Although the cell always remains causal, the limitations like the Kramers-Kronig relation (for lossless particles) was eliminated in this design. We may finally conclude that the paper present a general approach to the design of an effective class of metamaterials. We hope that the model of this paper clearly demonstrate the power of the metamaterial concept that allows a great flexibility in the design and applications of nanotechnology and GSM/UMTS applications [16] [17] [18] [19] [20] .
